Nearly every drug may cause changes to ocular tissues through a variety of mechanisms. Medication overdoses, drug-drug interactions but also chronic administration of medications at the recommended doses may lead to ocular toxicity. The ocular side effects, screening for eye toxicity and treatment guidelines for anti-inflammatory and immunosuppressive drugs commonly used by rheumatologists are reviewed herein. Lupus (2010) 19, 675-682.
Introduction
The eyes have a relatively small mass and rich blood supply and are therefore highly susceptible to toxic substances. Nearly every drug can cause changes to ocular tissues through a variety of mechanisms such as the production of arachidonic acid derivatives, the liberation of free radicals and the disruption of blood-aqueous and blood-retinal barriers. Medication overdoses, drug-drug interactions but also chronic administration of medications at the recommended doses may lead to ocular toxicity. Recognition of the early signs of eye toxicity, withdrawal of the offending agent and prompt referral to an ophthalmologist may avert permanent ocular damage and vision impairment. Herein we will review the ocular side effects of anti-inflammatory and immunosuppressive drugs commonly used by rheumatologists (Table 1 ).
Corticosteroids
Corticosteroids bind to the intracellular corticosteroid receptor 1 and thus modify the expression of a variety of genes and alter protein synthesis. Their immunosuppressive effects are mediated via the non-specific suppression of the immune response, making them a mainstay of treatment for a variety of autoimmune disorders. 2 The ocular adverse drug reactions (OADRs) of the natural and synthetic steroids are well documented. 3 Corticosteroids increase the risk of infection due to immunosuppression and decreased levels of tear lysozyme and also impaired corneal epithelial wound healing. 4 The corticosteroids have also been associated with both anterior (subconjunctival hemorrhages, translucent blue sclera, eyelid hyperemia and edema) and posterior (retinal embolic events, central serous choroidopathy 5 ) compartment toxicities. Moreover, there have been reports of neurologic adverse drug reactions (ADRs) such as diplopia, nerve palsies, papilledema and retinal hemorrhages due to intracranial hypertension after epidural steroid injection. [6] [7] [8] [9] [10] The best documented OADRs from corticosteroid use are the induction of cataracts and the increase of the ocular pressure causing glaucoma. 11 In 1960, Black et al. 12 were the first to suggest that systemic steroid use could cause posterior subcapsular cataracts (PSC). Steroid-induced PSC are clinically indistinguishable from other forms of PSC, such as the ones found in diabetic patients. The incidence of PSC associated with steroid use increases with increased dosage and duration of treatment, but there is considerable variation in susceptibility between individuals. 13 Although PSC have been reported to develop after as little as 5 mg of oral prednisone per day for as short as 2 months, the usual time until onset is at least 1 year with doses equal or higher than 10 mg per day of oral prednisone equivalent. 12, 14, 15 The incidence of corticosteroid-induced cataracts reported in a number of randomized, controlled trials ranged from 6.4% to 38.7% after oral corticosteroid use. [16] [17] [18] The pathogenesis of steroid-induced cataract may involve multiple mechanisms. One mechanism that is proposed for the corticosteroid-induced PSC is the formation of covalent adducts of the steroid molecule with the lysine residues of lens particles resulting in lens opacities. 19, 20 Another proposed mechanism is the inhibition of the sodiumpotassium pump in the lens epithelium, leading to an accumulation of water within the lens fibres and agglutination of lens proteins. 21 Other theories postulate that PSC development secondary to corticosteroid use involves elevation of glucose in the plasma and aqueous humor, increased cation permeability, inhibition of glucose-6-phosphate dehydrogenase, inhibition of ribonucleic acid synthesis, and loss of lens ATP. It is therefore plausible that multiple mechanisms are responsible for the development of PSC in patients treated with corticosteroids. 22 Glaucoma secondary to exogenous administration of corticosteroids was documented as early as 1950. 23 Visual field loss, optic disc cupping and optic nerve atrophy with ocular hypertension have been reported as typical signs and symptoms of glaucoma progression. 24 Glaucomatous changes were seen in patients taking steroids not only orally or intravenously but also topically, intranasally or via inhalation. [25] [26] [27] The rise in intraocular pressure (IOP) is thought to occur via the accumulation of glycosaminoglycans and water in the trabecular meshwork, reducing aqueous outflow. 28 There is also evidence of a genetic etiology for at least some cases of steroid-induced glaucoma. Mutations in the gene encoding for a trabecular meshwork protein (TIGR) that has been mapped on chromosome 1 seem to confer risk for open angle glaucoma in a small subset of patients using steroids. [29] [30] [31] Armaly 32 studied the effect of topical corticosteroids on intra-ocular pressure. He found that 4-6% of clinically healthy people evaluated responded to topical corticosteroids with elevations of IOP greater than 15 mmHg and a total IOP greater than 31 mmHg after daily corticosteroid use for 4-6 weeks; these were deemed high responders.
One-third of the population studied were categorized as 'moderate responders' after the same treatment, having 6-15 mmHg pressure elevation and an IOP between 20 and 31 mmHg. The remaining two-thirds, the non-responders, had a less than 6 mmHg pressure rise and an IOP of less than 20 mmHg. Groups of patients found to have higher rates of steroid responsiveness included those with open angle glaucoma, diabetes mellitus, high myopia, connective tissue disease (especially rheumatoid arthritis) and those with first-degree relatives with primary open angle glaucoma. [33] [34] [35] [36] [37] [38] Despite all the published data, we still do not know what is a safe daily dose of corticosteroid and for how long this dose can be maintained. It is difficult to determine a safe steroid dose even by pooling all published data because of the differing diagnostic criteria of the studies as well as the differing potency of steroids used. Patients treated with oral prednisone in amounts less than 10 mg/day for 1 year stand a negligible chance of developing a PSC. However, 75% of patients receiving more than 15 mg/day prednisone for more than one year were found to have cataracts. 39 Patients should be advised of the OADRs of these medications and the need for careful monitoring as many of them are asymptomatic. The main OADRs of systemically administered steroids occur with oral use, with little concern with nasal administration, even long term. Topical ophthalmic use, which causes the most significant anterior and IOP-related effects, must be carefully monitored. Timing of follow-up examinations depends on doses and duration of treatment, required every 6 months for cataract formation, but sooner for IOP and retinal/nerve concerns. Those with any visual disturbance must be advised to seek care. Surgical removal of steroid-induced PSC is similar to conventional PSC. IOP elevation is asymptomatic, so it can only be detected with diligent and timely follow-up examinations including applanation tonometry. Steroid-induced IOP elevation typically occurs within 2-6 weeks of beginning steroid therapy. Upon stopping corticosteroids, the IOP usually normalizes in a few weeks to months. For patients on medical therapy alone, the interval of follow-up care is determined by the extent of the IOP elevation and the degree of optic nerve and visual field damage. If IOP is elevated, steroids need to be tapered as much and fast as possible.
If unable to lower the steroid dose it is advisable to use antiglaucoma agents to lower the IOP; monitoring should be close with threshold visual fields, stereoscopic examination and photographs of the optic disc and nerve fibre layer imaging according to the American Academy of Ophthalmology.
Non-steroidal anti-inflammatory agents
Non-steroidal anti-inflammatory drugs (NSAIDs) are a heterogeneous group of agents frequently not related chemically. Nevertheless, they share both therapeutic actions and ADRs. Although these drugs are widely administered and are often used for prolonged periods, ocular side effects are rare and have been poorly described. Indomethacin is one of the most potent NSAIDs that has been associated with cases of corneal opacities and blurred vision, especially when used long term. 40 Symptoms associated with the corneal opacities can range from mild light sensitivity to frank photophobia. On slit lamp examination, the corneal lesions appear either as fine stromal speckled opacities or have a whorl-like distribution resembling chloroquine keratopathy. These corneal changes diminish or disappear within 6 months of discontinuing indomethacin.
In addition to keratopathy, cases of retinopathy have been associated with NSAIDs and especially indomethacin. 41 There is evidence that the drug can induce pigmentary changes of the macula and other areas of the retina causing symptoms of blurred vision. The lesions usually consist of discrete pigment scattering of the retinal pigment epithelium (RPE) perifoveally, as well as fine areas of depigmentation around the macula. Depending on the amount of retinal involvement, the electroretinogram (ERG) and electro-oculogram (EOG) can be normal or abnormal. 42 No definite relationship has been established between the dosage of indomethacin and retinal toxicity.
Acetylsalicylic acid (aspirin) is well known to have anticoagulant properties. In high doses or with prolonged use these drugs may increase bleeding tendencies (e.g., subconjunctival hemorrhage, 43 hemorrhagic retinopathy 44 ). These agents should be avoided before/after surgery, following trauma and hyphema.
Ibuprofen, Naproxen, Oxaprozin and Piroxicam may also increase bleeding tendencies. Blurred vision, photophobia and central vision changes may occur. Symptoms are generally rare. The association between their use and cases of Stevens-Johnson syndrome is well documented. 45 This syndrome requires immediate discontinuation of the drug and referral to primary care provider.
Rofecoxib, Celecoxib, Valdecoxib, Lumiracoxib, Nimesulide and Etodolac are NSAIDs selective for the inhibition of cyclo-oxygenase (COX)-2. Conjunctivitis, blurred vision that ranges from spots in vision to temporary blindness is considered an OADR mostly associated with rofecoxib and celecoxib. 46 Nonetheless, visual symptoms resolve on discontinuation with no long-term effects to the vision.
According to the American Optometric Association (Optometric Clinical Practice Guideline), the initial baseline evaluation should include a comprehensive eye examination, screening of the visual field and color vision testing (blue on yellow). The recommended follow-up interval is an annual comprehensive eye examination, unless ocular signs, symptoms and other clinical findings indicate more frequent periodic care. A central threshold visual field and repeated color vision testing is needed with complaints of visual acuity reduction or in case of color vision changes. Fundus photography should be performed, as indicated.
Sulfasalazine
The reports on ocular side effects from the usage of sulfasalazine are relatively few, despite its commercialization for a long time; the drug is generally considered safe and well tolerated. 47 There has been a report of peripheral facial nerve palsy and blurred near vision in association with sulphasalazine treatment. 48 Santodomingo et al. 49 presented a sudden bilateral onset of À1.0 diopters sphere (DS) of myopia in a young adult female following the addition of a sulphonamide (sulphasalazine) to 
Biologics
Biologics are a new class of drugs that recently became available to treat autoimmune diseases. They include the tumor necrosis factor-a inhibitors infliximab, etanercept, and adalimumab; the antilymphocyte drugs rituximab and alemtuzumab; the interleukin-2 receptor blocker daclizumab; and recombinant interferon (IFN)-a.
Abatacept has successfully been used in humans to treat psoriasis, systemic lupus erythematosus (SLE) and rheumatoid arthritis. [51] [52] [53] Its OADRs are generally generic, such as eye irritation, allergic conjunctivitis, blurry vision, visual disturbance and eye pruritus involving less than 1% of the drug users. [54] [55] [56] [57] Rituximab (RTX) is a human/murine chimeric monoclonal antibody (mAb) that specifically targets the transmembrane protein CD20 on B cells. 58 A 2005 report on the safety of RTX in patients with cancer and rheumatoid arthritis (RA) concluded that serious adverse reactions occur only in a small minority of patients but overall RTX therapy is safe. 59 In a clinical study concerning the efficacy of rituximab in 222 patients with lymphoma, nine of them reported ocular side effects, including conjunctivitis, transient ocular edema, a burning sensation, a transient or permanent, even severe, loss of visual function. 60 Etanercept and infliximab are tumor necrosis factor-a antagonists used on their own or in combination with other medications to reduce the pain and swelling associated with RA. Reactivation of tuberculosis infection is one adverse effect of their use. Two cases of reactivation of tuberculosisrelated chronic granulomatous panuveitis have been reported. 61, 62 There is considerable discussion about whether ocular inflammation is paradoxically a potential adverse event of etanercept in either previously inflamed or uninflamed eyes. 63 It is as yet unclear whether etanercept may induce new-onset uveitis or may prevent uveitis. As a result, etanercept should still be considered in treating those with HLA-B27-associated arthropathy without history of uveitis; however, should ocular involvement subsequently occurs, then a switch to either infliximab or adalimumab is warranted.
The IFNs are antiviral glycoproteins naturally produced by most cells in the body in response to a viral infection that modulate the activity of the immunological system. Recombinant IFN-a has been approved for its antiviral effects and the inhibition of cell proliferation. They have been used in neoplastic diseases, hepatitis C and autoimmune diseases (e.g., multiple sclerosis and uveitis), although their mechanism of action in autoimmune diseases is poorly understood. Therapy with IFN-a has been associated with the presence of systemic side effects, such as flu-like syndrome, arthralgia, platelet reduction, leukopenia, depression, delirium, thyroid disorders and ocular side effects. [64] [65] [66] [67] [68] [69] [70] There are descriptions in the literature [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] of retinal vascular abnormalities (retinal microvascular changes, presence of cotton-wool spots, intraretinal hemorrhages, retinal detachment) due to this drug. Mostly, the ocular changes are transient and asymptomatic. However, in some special cases an aggressive intervention should be carried out, such as retinal photocoagulation or surgery. 85, 86 As an initial baseline evaluation during IFN therapy it is recommended a comprehensive eye examination with detailed biomicroscopy, use of Amsler grid, color vision (blueyellow) testing and fundus photography. The patient should be instructed to use in a weekly basis the Amsler grid at home to detect maculopathy. The recommended follow-up intervals would be every 3 months according to the American Optometric Association.
Anti-metabolites
Methotrexate-related ocular toxicities consist of periorbital edema, ocular pain, blurred vision, photophobia, conjunctivitis, blepharitis, decreased reflex tear secretion 87 and non-arteritic ischemic optic neuropathy. 88, 89 The optic neuropathy has been linked to folate deficiency, either nutritional or genetic. 89 Folate supplementation when co-administered with methotrexate, minimizes its adverse effects 90 and may therefore prevent the development of optic neuropathy. In addition, when this condition is recognized, the nerve damage can be reversed if methotrexate is stopped and appropriate folate supplementation is administered promptly. 89 A case was reported by Ponjavic et al. 91 in which they described a reduced full-field ERG in b-wave amplitude in a 13-year-old boy treated with methotrexate for 8.5 years. Three years after cessation of therapy the multi-focal (mf)ERG demonstrated normal responses in the macular region.
As far as azathioprine is concerned, there is only one case report of ocular toxicity related to its systemic administration. Razonable et al. reported a case of secondary infectious uveitis as a consequence of immunosupression induced by the use of azathioprine. 92 Leflunomide is another systemic anti-metabolite used in the therapy of rheumatic diseases. Hassikou et al. have only reported a case of reversible ocular mucosal ulcers induced from its application for the therapy of RA. 93 
Biphosphonates
Biphosphonates are increasingly being prescribed in patients with chronic inflammatory conditions for the prevention and/or treatment of osteoporosis including glucocorticoid-induced osteoporosis. 94 Several reports have linked the use of biphosphonates to ocular inflammation, in particular uveitis and scleritis. [95] [96] [97] These findings were challenged by a large albeit retrospective study in a veteran population that failed to show a significant increase in uveitis/scleritis in patients prescribed biphosphonates. 98 Given these data no recommendation can safely be made about the use of biphosphonates in patients with uveitis and/or scleritis. In the absence though of underlying conditions that may have caused the development of inflammatory eye disease, discontinuation of biphosphonate treatment should be considered.
Anti-malarials
Antimalarials have been used to treat lupus since 1894, when Payne used quinine. 99 Atabrine was developed in Germany during the 1920s and first introduced as an antimalarial therapy in 1930. [100] [101] [102] It has a variety of actions and has been administered to millions of individuals. Its antirheumatic properties have been well documented but have not been exploited optimally for a variety of reasons. The drug is generally quite safe and can be used in low doses in lupus and rheumatoid arthritis patients as a steroid-sparing agent or synergistically with hydroxychloroquine. One of the major advantages of atabrine over the chloroquines is its lack of retinal toxicity. The world's literature contains only one report of 'Atabrine retinotoxicity'. 103 High doses of Atabrine can rarely induce a hypersensitivity reaction resulting in a reversible corneal edema. 104, 105 Chloroquine and hydroxychloroquine have been used to treat rheumatoid arthritis, discoid and systemic lupus erythematosus and other collagen and dermatologic diseases since the early 1950s. Initially retinal toxicity due to long-term use of chloroquine (Aralen) for malaria was reported in 1959 by Hobbs et al. 106 Currently, hydroxychloroquine sulphate (Plaquenil) is the quinoline agent of choice for the treatment of autoimmune diseases with a far lower incidence of adverse reactions. 107, 108 Hydroxychloroquine has been associated with many ocular toxic effects including keratopathy, ciliary body dysfunction, lens opacities, outer retinal damage, and pigmentary retinopathy. The damage to the retina can lead to visual field defects, decreased visual acuity, colour-vision defects, and abnormalities in ERG and EOG. [109] [110] [111] There are many factors that may contribute to hydroxychloroquine retinopathy. These factors include daily and cumulative dosage, duration of treatment, renal or liver disease, patient's age, and prior retinal disease. Out of these factors, daily dosage is thought to be the most important factor in the development of hydroxychloroquine retinopathy. 110 The great majority of case reports of hydroxychloroquine toxicity occurred in individuals taking more than 6.5 mg/kg/day or chloroquine at 3 mg/kg/day, and most of the reports of hydroxychloroquine toxicity at lower doses occurred in individuals who took the drug for at least 5 years. 112 Grierson suggests that the risk of toxicity is low if the daily dose is less than 6.5 mg/kg/day and the cumulative dose is less than 200 g. Importantly, at a dose of 400 mg per day, the cumulative dose of 200 g would be reached only after 18 months. 117 There are limited data that suggest that patients over the age of 60 years are at higher risk 118 and further studies will need to investigate age as a direct factor in hydroxychloroquine toxicity. Shroyer et al. have suggested that a mutation of the gene ABCA4 may increase susceptibility to hydroxychloroquine toxicity. 119 While toxicity reversal is possible when the drug is stopped at a stage of very early functional loss, clinical recovery after the development of bilateral paracentral scotomas or visible bull's eye maculopathy has not been shown to be significant and continued depigmentation with functional loss has been reported. 120 There is no proven medical therapy for chloroquine or hydroxychloroquine toxicity other than stopping the drug. A decision to stop the drug should be made in consultation with the internist or rheumatologist caring for the patient. The American Academy of Ophthalmology, the Royal College of Ophthalmologists, the American College of Rheumatologists and the Canadian Ophthalmological Society recommended guidelines for monitoring patients on hydroxychloroquine therapy. [112] [113] [114] [115] [116] Suggested at initiation of therapy is a baseline examination consisting of a dilated posteriorsegment examination, along with Amsler grid testing or automated perimetry. Baseline fundus photographs and fluorescein angiography (FA) are helpful in patients with pre-existing macular pigmentary changes. The patients should repeat visual acuity testing every six months, screen the visual field, use the Amsler grid and have a detailed funduscopy. Central threshold visual field testing is recommended for suspected optic neuropathy.
Conclusion
Ophthalmic adverse drug reactions are well-documented entities that can complicate systemic antirheumatic therapy. They can involve a specific anatomic chamber of the eye or its totality. It is imperative for the treating clinician to appropriately screen asymptomatic patients and recognise early signs and symptoms of ocular toxicity. Close collaboration between the prescribing rheumatologist and the ophthalmologist will help tailor treatment for patients with drug induced ocular toxicity and avert irreversible eye damage.
